Abstract Magmatism postdating the initiation of continental collision provides insight into the late stage evolution of orogenic belts including the composition of the contemporaneous underlying subcontinental mantle. The Awulale Mountains, in the heart of the Tianshan Orogen, display three types of postcollisional mafic magmatic rocks. (1) A medium to high K calc-alkaline mafic volcanic suite (280 Ma), which display low La/Yb ratios (2.2-11.8) and a wide range of E Nd (t) values from 11.9 to 17.4. This suite of rocks was derived from melting of depleted metasomatized asthenospheric mantle followed by upper crustal contamination. (2) Mafic shoshonitic basalts (272 Ma), characterized by high La/Yb ratios (14.4-20.5) and more enriched isotope compositions (E Nd (t) 5 10.2 -10.8). These rocks are considered to have been generated by melting of lithospheric mantle enriched by melts from the Tarim continental crust that was subducted beneath the Tianshan during final collisional suturing. (3) Mafic dikes (240 Ma), with geochemical and isotope compositions similiar to the 280 Ma basaltic rocks. This succession of postcollision mafic rock types suggests there were two stages of magma generation involving the sampling of different mantle sources. The first stage, which occurred in the early Permian, involved a shift from depleted asthenospheric sources to enriched lithospheric mantle. It was most likely triggered by the subduction of Tarim continental crust and thickening of the Tianshan lithospheric mantle. During the second stage, in the middle Triassic, there was a reversion to more asthenospheric sources, related to postcollision lithospheric thinning.
Introduction
Orogenic magmatism can be grouped to two types based on its temporal relationship to the tectonic evolution of orogenic belts: subduction related and postcollisional (Martin & Piwinskii, 1972) . Postcollisional mafic magmatism provides a unique opportunity to study the asthenospheric and lithospheric mantle after the cessation of arc magmatism, and is important in understanding the evolution of orogenic belts (Carlson et al., 2005) . Calc-alkaline and potassium-enriched (K-rich) volcanic rocks are two types of postcollisional magmatism recognized in the modern mountain belts in Tibet (Guo et al., 2015a (Guo et al., , 2015b (Guo et al., , 2006 Turner et al., 1996; Williams et al., 2004) and the Turkish-Iranian Plateau Neill et al., 2015) . Postcollisional mafic rocks are generally considered to be derived by partial melting of enriched mantle sources (Kirchenbaur et al., 2012) . However, there is no consensus on the nature of the metasomatic components that cause mantle enrichment, such as whether fluid or melt derived from either subducted oceanic (e.g., Lustrino et al., 2011; Prelević et al., 2010) or continental crust (e.g., Ding et al., 2003; Guo et al., 2013 Guo et al., , 2015b Mah eo et al., 2002; Zhao et al., 2009 ).
The Tianshan Orogen in central Asia records the closure of the Paleo-Asian Ocean associated with convergence between the southern active margin of the Siberian craton and the passive margin of the Tarim Craton (Xiao et al., 2013) , although recent studies indicate that the northern Tarim has been active margin during the middle Paleozoic (e.g., Lin et al., 2013) (Figure 1 ). Postcollisional episodes of Permian and Triassic volcanism are inferred to have occurred within an overall extensional regime (Chen et Supporting Information: Supporting Information S1 Table S1  Table S2  Table S3  Table S4 Correspondence to: G.-J. Tang, tanggj@gig.ac.cn
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postcollisional mafic rocks of different ages in the same region have the potential to provide important insights into the evolution of mantle sources from which they are derived (Murphy & Dostal, 2007) .
The Awulale Mountains, in the heart of the Tianshan Orogen, consist of early Permian volcanic rocks with Triassic mafic dikes (Figure 1 ) (Chen et al., 2015; Luo et al., 2013; Ye et al., 2013) . Although these Permian volcanic rocks are well mapped and documented, most studies are confined to those of early Permian age from a limited region in the Awulale Mountains. In addition, there is a lack of precise age data for these volcanic rocks, limiting understanding of the chemical characteristics of mantle sources and the geodynamic processes involved. We integrate new age and geochemical (major element, trace element, and Sr-Nd isotopic) data with previous work (Chen et al., 2015; Luo et al., 2013; Ye et al., 2013) for the Permian-Triassic mafic rocks from the Awulale Mountains, to resolve their petrogenesis and to evaluate relationships between postcollisional magmatism and mantle sources within the evolving postcollisional framework of the Tianshan Orogen.
Geological Background and Petrology
The Tianshan Orogen is a major component of the southwestern Central Asian Orogenic Belt (CAOB) and extends more than 2,500 km from Uzbekistan to Xinjiang in China. The Xinjiang segment of the orogen is bounded by the Tarim Craton to the south and the Junggar terrane to the north (Figure 1 ). There is general agreement that final ocean closure associated with the termination of oceanic subduction, and collision between the Tarim Craton and Kazakhstan-Yili-Central Tianshan arc occurred at the end of the Carboniferous, and that during the early Permian the Tianshan Orogen lay in a postcollisional setting Han et al., 2011; Seltmann et al., 2011) , although it remains a controversial issue (Xiao et al., 2013) . Postcollisional volcanic rocks are scattered spatially and temporally across the orogen ( Figure  1 ) and, in addition, early Permian A-type granites are widespread (Konopelko et al., 2007; Seltmann et al., 2011; Tang et al., 2010) . The lower group basalts and basaltic andesites exhibit porphyritic textures and mainly consist of plagioclase, clinopyroxene, amphibole, and Fe-Ti oxide phenocrysts, with similar microlitic minerals in the groundmass (Figure 2a) . The upper group basalts are porphyritic with plagioclase and amphibole phenocrysts. The groundmass is composed of plagioclase, amphibole, chlorite, and basaltic Geochemistry, Geophysics, Geosystems 10.1002/2017GC006977 glass with minor pyroxene (Figure 2b ). The middle Triassic mafic dikes are fine grained and consist of plagioclase, clinopyroxene, and orthopyroxene.
Analytical Methods
Zircons were separated using conventional heavy liquid and magnetic separation techniques. Cathodoluminescence (CL) images were obtained for zircons prior to analysis, using a JEOL JXA-8100 Superprobe at Guangzhou Institute of Geochemistry, Chinese Academy of Sciences (GIG-CAS), in order to characterize internal structures and choose potential target sites for U-Pb dating. LA-ICP-MS U-Pb zircon analyses were conducted on an Agilent 7500 ICP-MS equipped with a 193 nm laser and a beam diameter of 30 lm, housed at the State Key Laboratory of Geological Processes and Mineral Resources, Faculty of Earth Sciences, China University of Geosciences (Wuhan). Zircon 91500 was used as the standard (Wiedenbeck et al., 1995) and the silicate glass standard NIST 610 was used to optimize operating parameters. The weighted mean U-Pb ages and Concordia plots were processed using an Isoplot/Ex v.3.0 program (Ludwig, 2003) . Subsequently, Lu-Hf isotope measurements on the dated spots in each zircon grain were performed using a Neptune multicollector ICP-MS equipped with a Geolas-193 laser-ablation system at IGG-CAS (Wu et al., 2006) .
After crushing, unweathered rock fractions were selected and subjected to ultrasonic cleaning in distilled water with <5% HNO 3 , dried and handpicked to remove visible contamination, and then pulverized.
Major element oxides were determined by standard X-ray fluorescence (XRF) . Trace elements were analyzed by inductively coupled plasma mass spectrometry (ICP-MS), using a Perkin-Elmer Sciex ELAN 6000 instrument at GIG-CAS . Analytical precision for most elements is better than 3%.
Sr and Nd isotopic analyses were performed on a Micromass Isoprobe multicollector ICPMS at the GIG-CAS . Sr and REE were separated using cation columns, and Nd fractions were further separated by HDEHP-coated Kef columns. Measured 
Results
To determine the crystallization ages of the mafic rocks, one sample of each rock type was chosen for zircon U-Pb dating (supporting information Table S1 ). Major and trace element data for 65 rock samples obtained by this study and the literature data of the volcanic rocks from lower and upper parts of early Permian, and two samples from two different mafic dikes are listed in supporting information Table S3 . Table 1 U age of 240 6 3 Ma (Figure 3c ). This result is interpreted as the best estimate for the age of mafic dike crystallization.
The zircons from the lower group of Permian volcanic rocks (06XJ97) and the Triassic basaltic dike (06XJ106) have strongly depleted Hf isotopic composition, with E Hf (t) values ranging from 19.8 to 114.7, and from 19.5 to 113.4, respectively. The from the upper lower group of Permian volcanic rocks (06XJ92) have distinct lower E Hf (t) values of 12.8 to 14.9 (supporting information Table S2 ).
Mafic rocks may contain very few or no magmatic zircons but many xenocrystic grains. For the Awulale Permian mafic volcanic rocks, the xenocrystic zircons were likely derived from the Tianshan basement or Palaeozoic (Silurian-Carboniferous) magmatic rocks based on the age range from sample06XJ97 (supporting information Table S1 ). At the same time, the early Permian zircons from mafic volcanic rocks may be derived from coeval (272 Ma) diorite and granodiorite porphyries that intruded into the early Permian volcanic-sedimentary formations (Tang et al., 2017b) . However, the early Permian zircons that crystallized from the Awulale mafic volcanic rocks have an irregular or angular shape, and are weakly zoned with an otherwise homogeneous texture, similar to many zircons from mafic rocks (Corfu et al., 2003) . Furthermore, the E Hf (t) values of the early Permian zircons from the lower and upper groups of Awulale mafic volcanic rocks are distinctly higher and lower than those from the granodiorite porphyries (15.4 to 111.2) (Tang et al., 2017b) . This indicates to us that the early Permian zircons represent the age of crystallization of the mafic volcanic rocks, rather material incorporated from the granodiorite porphyries. The zircons from the mafic dike are elongated, showing oscillatory zonation, and have depleted Hf isotope composition (E Hf (t) 5 19.5 2 113.4), indicating that these zircons are magmatic and date the time of dike emplacement.
In summary, zircon U-Pb age results indicate that the analyzed Permian magmatic rocks were all emplaced over a short interval (280 to 270 Ma), whereas the mafic dike formed during the Triassic (240 Ma).
Whole-Rock Major and Trace Elements Geochemistry
The lower group of early Permian samples is mainly classified as basalt, trachybasalt, basaltic andesite, and basaltic trachyandesite on the total alkali-silica diagram (Le Maitre, 2002) (Figure 4a ). On the K 2 O versus SiO 2 diagram (Peccerillo & Taylor, 1976) (Figure 4b) , the samples mainly Table S1 .
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plot along a calc-alkaline differentiation trend with medium-to high-K characteristics. In contrast, the upper group of early Permian volcanic rocks consists mainly of trachybasalt, basaltic trachyandesite, and phonotephrite, and all mafic samples are shoshonitic.
The basaltic rocks from the lower group rocks have rare earth element (REE) patterns with slight enrichment of the light REE (LREE) and relatively little variation in the heavy REE (HREE) (La/Yb 5 2.2-11.8) ( Figure  5a ). They have moderately negative to slightly positive Eu anomalies (Eu/Eu* (2*Eu N /(Sm 1 Gd) N ) 5 0.6-1.1). In contrast to the lower group, the upper group basaltic rocks are characterized by strong LREE enrichment and steep REE patterns (La/Yb 5 14.4-20.5), with negligible Eu anomalies (Eu/Eu* 5 0.86-0.98) (Figure 5c ). Both groups of basaltic rocks are enriched in large-ion lithophile elements (LILE: Rb, Ba, Th, U, K), but are depleted in Nb, Ta, P, and Ti relative to neighboring REE ( Figure 5 ). In general, the upper group rocks have higher incompatible element concentrations than the lower group. In detail, the upper group basaltic rocks have higher Nb/Ta ratios (17.4-21.6) and Zr/Hf ratios (42.4-49.6) than those of the lower group basaltic rocks (Nb/Ta 5 12.8-18.4; Zr/Hf 5 36.2-43.6). Both groups of volcanic rocks show distinct negative Nb-Ta anomalies in their mantlenormalized patterns, with Nb/La ratios ranging from 0.32 to 0.75 for lower group and from 0.13 to 0.43 for upper group basaltic rocks (supporting information Table S3 ).
The Triassic mafic dikes are characterized by low SiO 2 (47.0-50.3 wt %) and K 2 O contents (0.45-0.59 wt %) that plot in the medium-K calcalkaline field (Figure 4b ). They have low La/Yb ratios from 2.3 to 3.9, slight enrichment of the LREE and less variation of the HREE. In general, the trace elements patterns of the Triassic mafic dikes parallel those of the Permian lower group basaltic rocks ( Figure 5 ).
Nd-Sr Isotopic Compositions
The two groups of Permian volcanic rocks have distinctly different E Nd (t) values of 11.9 to 17.4 and 10.2 to 10.8 for the low and upper group rocks, respectively ( Figure 6) Sr and E Nd (t) ranging from 0.7048 to 0.7049 and 13.5 to 13.9, respectively, similar to the early Permian lower group basaltic rocks (Figure 6 ).
Discussion

Petrogenesis of the Early Permian Lower Group Calc-Alkaline Rocks 5.1.1. Crustal Contamination
The occurrence of Paleoproterozoic zircons in the calc-alkaline, lower Permian group rocks indicates that their parental magmas were subject to crustal contamination (supporting information Table S1 ). To further assess the role of crustal assimilation in these rocks, we used the energy-constrained assimilation and fractional crystallization (EC-AFC) model of Spera and Bohrson (2001) , applied to ( 87 Sr/ 86 Sr) i versus E Nd (t) ( Figure   6 ). Supporting information Table S4 shows the thermal and geochemical input parameters employed. The physical characteristics of the magma body-country rock system are those suggested by Bohrson and Spera (2001) for standard upper crust. The Sr-Nd elemental and isotopic compositions of crustal contaminant are inferred based on the Neoproterozoic gneissic granite from the central part of Tianshan, considered to be a good proxy for the local upper crust (Chen et al., 1999; Hu et al., 2010) . The output from EC-AFC simulation provides model curves to fit the correlation trends between ( 87 Sr/ 86 Sr) i and E Nd (t) (Figure 6 ), although E Nd (t) values are scattered, presumably reflecting variations in the composition of country rock and/or the least differentiated basalts. Our modeling indicates that small amounts of crustal contamination (<5%) could produce the Sr-Nd isotope variation for most of the lower group samples. ; late Carboniferous basalts from the Awulale Mountains Tang et al., 2014; Yan et al., 2015) and South Tianshan early Permian basalts (Huang et al., 2015; Liu et al., 2014) are shown for comparision. Tarim Archean and Neoproterozoic basement are from Cao et al. (2011) . Tianshan Neoproterozoic basement are from Chen et al. (1999) . Data for global subducting sediment (GLOSS) are from Plank and Langmuir (1988) . The modeling parameters are listed in supporting information Table S3 . Small circles on the curves indicate the percentage of assimilated contaminant. The other data sources and symbols are same as Figure 4 . 
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. Mantle Source and Subduction Components
The most distinctive geochemical feature of the lower group basaltic rocks is the LILE enrichment and the presence of strongly negative Nb and Ta anomalies in primitive mantle (PM)-normalized trace element patterns ( Figure 5 ), suggesting slab-derived enrichments in their source. Thus, the primary magma of the lower group basaltic rocks are interpreted as the product of partial melting of metasomatized subcontinental lithospheric mantle (SCLM) or derived from a depleted mantle wedge enriched by previous Paleozoic subduction-related components, including fluids dehydrated from subducted oceanic slab or subducted sediments (Hawkesworth et al., 1993 (Hawkesworth et al., , 1997 Tatsumi et al., 1986) . All of the lower group basaltic rocks have much higher Ba/La than global subducting sediment (GLOSS) with low Th/Yb (Figure 7a ), indicating significantly more influence from fluids (Woodhead et al., 2011 ) rather than bulk sediment or a partial melt of subducted sediment (Hawkesworth et al., 1997) . Furthermore, on a Ba/La versus E Nd (t) diagram (Figure 7b ), lower group basaltic rocks fall in the high E Nd (t) and Ba/La field, which is also consistent with moderate fluid-induced enrichment rather than sediment input. The Nd-Sr isotope compositions of the parental magmas of the lower Permian rocks are remarkably different from the late Carboniferous basaltic rocks in the Awulale Mountains ( Figure 6 ). For example, they have distinctly higher E Nd (t) values than that of late Carboniferous basalt from the same region, close to the Tianshan ophiolites ( Figure 6 ). Thus, the geochemical and isotopic evidence suggests that the lower group of early Permian rocks were derived from an asthenospheric mantle that had been metasomatized by fluids derived from previous subducted oceanic slab, which is common for calcalkaline rocks (Harangi et al., 2007) .
Petrogenesis of the Early Permian Upper Group K-Rich Rock
The upper group samples all have relatively high ( 87 Sr/ 86 Sr) i and low E Nd (t), which differs from typical late Carboniferous basalts from the Awulale Mountains (Figure 6 ). Crustal contamination is considered unlikely to have occurred in these samples as it fails to explain the limited range of values and the absence of older inherited zircon. Crustal contamination can also be excluded owing to the lack of coupled variations between Sr and Nd isotope ratios and major elements, such as MgO and SiO 2 versus 87 Sr/
86
Sr and E Nd (t) (supporting information Table S3 ).
The enriched Nd-Sr isotope compositions, together with the strong enrichment in incompatible elements, of the upper group basaltic rocks are typical features of shoshonitic rocks (Figures 5 and 6 ). Most studies ascribe mantle-derived shoshonitic magmas to derivation via low-degree partial melting of SCLM enriched by subduction-related fluid and/or melts (Foley, 1992; Hawkesworth & Vollmer, 1979; Kirchenbaur et al., 2012; Turner et al., 1996; Wyman & Kerrich, 1993; Yang et al., 2007) . The upper group basaltic rocks have low Ba/La and high Th/Yb ratios (Figure 7) , indicating significant input of subducted sediment. However, the mixing modeling line for this simple model trends away from the data array (Figure 6 ). If more depleted Sr isotope compositions are selected for the lithospheric mantle to achieve the observed Sr-Nd isotope trends, then assimilation of more than 40% of GLOSS is required. Such a high percentage of sediments cannot be reconciled with the basaltic composition of the upper group rocks. Therefore, oceanic sediment input is even less likely as a suitable source for the enrichment mantle sources for the upper group rocks than for the lower group rocks. The upper group basaltic rocks are comparable with the Cenozoic postcollisional potassium-rich mafic magmatism in the Tibetan plateau that have been interpreted to represent derivation from enriched lithospheric mantle metasomatized by subducted Indian continental crust (e.g., Ding et al., 2003; Guo et al., 2013; Mah eo et al., 2002; Zhao et al., 2009) (Figure 5 ). In addition, the trace element characteristics, such as Sm/Nd (0.19) and Th/U (3.67), which are similar to typical upper continental crustal values (Sm/Nd 5 0.17, Th/U 5 3.89; Rudnick & Gao, 2003) , indicate that upper continental-derived materials were involved in the mantle sources for the upper group basaltic rocks. As discussed above, crustal contamination could not govern the geochemical characteristics of the upper group sample set. Thus, we propose that they originated from enriched Tianshan SCLM sources metasomatized by subduction of the continent crust.
The final collision between the Tarim Craton and the Yili-Central Tianshan along the southern margin of to the CAOB occurred at the end of the late Carboniferous. This collision is indicated geochemically by an abrupt change from depleted mantle-type to enriched continental-type zircon Hf isotope compositions for Yili-Central Tianshan arc granitoids at 300 Ma (Tang et al., 2017a) . Furthermore, seismic reflection data across the region has been interpreted to indicate the presence of Tarim continental crust extending beneath the Tianshan Orogen to distances of 50-100 km (Makarov et al., 2010) . It seems likely that the Tarim continental crust was underthrust beneath the Yili-Central Tianshan during early Permian, which significantly altered the chemical composition of any preexisting relatively depleted mantle lithosphere.
In the ( 87 Sr/ 86 Sr) i versus E Nd (t) plot (Figure 6 ), the Awulale upper group rocks, coupled with the South Tianshan early Permian basalts, point to the involvement of ancient continental crust material, which we identify as Tarim basement characterized by very enriched Sr-Nd isotopic compositions (Cao et al., 2011) . Binary mixing, between end-members of Tarim basement and a depleted mantle source represented by the Tianshan ophiolites, shows that assimilation of 8% Tarim basement can generate the isotopic array of the Awulale upper group rocks ( Figure 6 ). Thus, the lithospheric mantle sources for the upper group rocks were metasomatized by the Tarim continental crustal component. This hypothesis of mantle metasomatism through subduction of Tarim continental margin lithosphere is also supported by the transition from subalkaline to alkaline and shoshonitic volcanism in the Awulale Mountains, and the trend toward more enriched Nd isotope compositions during early Permian (Figure 6 ).
Petrogenesis of the Middle Triassic Mafic Dike
The Triassic mafic dikes have similar REE and other trace elements patterns, as well as Sr-Nd isotope compositions, compared to the lower group samples (Figures 4-6 ). We are cautious about drawing too many conclusions based on two samples, but we consider their petrogenesis likely involved melting of asthenosphere mantle sources similar to the lower group basaltic rocks.
Transition in Mantle Sources in a Postcollisional Tectonic Setting
The lower group volcanic rocks from the Awulale Mountains are characterized by low La/Yb ratios and depleted Sr-Nd isotope compositions (Figures 5 and 6 ), indicating they originated from a asthenospheric mantle source at a shallow level. Thus, their genesis reflects upwelling asthenosphere in an extensional geodynamic setting. At the same time, significant uplift occurred in the Tianshan Orogen as indicated by accumulation of the lower Permian red molasse, interpreted to reflect an extensional setting during this time (Han et al., 2011) . The lower group volcanic rocks are coeval with the early Permian (290 to 280 Ma) Atype granites from the Tianshan Orogen (e.g., Konopelko et al., 2007; Seltmann et al., 2011; Tang et al., 2010; Yuan et al., 2010) . Thus, the early Permian lower group basalts from the Awulale Mountains, coupled with coeval A-type granites, are attributed to oceanic slab break-off following closure of the Paleo-Asian ocean at about 300 Ma (Han et al., 2011; Tang et al., 2010; Yuan et al., 2010) . Oceanic slab break-off generally occurs in the early stages of continental collision (von Blanckenburg & Davies, 1995) . In the slab break-off model, hot asthenospheric mantle rises generating a transitory thermal anomaly in the mantle wedge. Partial melting of the upwelling depleted asthenospheric mantle at a shallow level would produce the lower group volcanic rocks. In addition, the thermal anomaly could trigger partial melting of the lower crust, leading to generation of the coeval A-type granites.
A possible model would involve a initial collision and attemoted subduction of Tarim continental crust with the Tianshan arc in which a depleted asthenospheric source evolves to an enriched lithospheric mantle source. Melting of the enriched lithosphere produces the upper group K-rich magma in the Awulale Geochemistry, Geophysics, Geosystems
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Mountains (Figure 8) . Subduction of the Tarim continental crust during collision would also lead to thickening of the lithospheric mantle and crust in the overriding Yili-Central Tianshan arc of the Tianshan Orogen. In the second stage, during the middle Triassic, which is after the termination of collision between the Tarim Craton and Yili-Central Tianshan arc, the enriched lithospheric source is replaced by depleted Geochemistry, Geophysics, Geosystems (Bird, 1979; Houseman et al., 1981) ( Figure 8 ). In addition to the Triassic mafic dikes in the Awulale Mountains, Triassic mafic rocks are occur sporadically in the east and southwest Tiansan regions (e.g., Wu et al., 2010) , which is consistent with lithosphere thinning in a postcollisional setting.
Transition in mantle sources as proposed for the Palaeozoic history of Awulale Muntains is a common feature during the tectonic evlotion of orogenic belts such as the Andes (e.g., Kay et al., 1994) , western North America (e.g., Manthei et al., 2010) , and the Tibetan plateau (e.g., Chung et al., 2005) . The tranistion in mantle sources from enriched to depleted is inferred to be induced by oceanic subduction (Collins et al., 2011) , slab-rollback (Best et al., 2016) , or lithospheric delamination (DeCelles et al., 2009; Lee & Anderson, 2015) . The subsequent reversion from depleted to enriched mantle sources probably reflects subduction erosion (von Huene & Scholl, 1991) or the continental subduction (Chu et al., 2011) . Thus, our study of the geochemical and isotopic characteristics of the mafic rocks of the Tainshan Orogen further documents the evolution of mantle sources in a postcollisional orogenic setting.
Conclusions
1. Postcollisional magmatic activity in the Awulale Mountains, Tianshan Orogen, yields early Permian and Triassic ages with the former divisable into lower and upper successions. 2. The lower group of early Permian magmas is calc-alkaline basalts derived from melting of a depleted asthenospheric mantle metasomatized by fluids from the previous subducted oceanic slab followed by upper crustal contamination. 3. The early Permian upper group is shonshonitic rocks generated by melting of enriched lithospheric mantle. 4. Middle Triassic mafic dikes are interpreted as the product of partial melting of a depleted asthenospheric mantle source similar to the early Permian lower group basaltic rocks. 5. The early Permian transition in mantle chemistry from depleted asthenospheric mantle sources to enriched lithospheric mantle corresponds with closure of the Paleo-Asian ocean and partial subduction of the Tarim continental crust beneath the Yili-Central Tianshan arc, resulting in thickening of the upper plate lithosphric mantle. Subsequent derivation of Traissic basalts from asthenospheric mantle source is interpreted to reflect late-stage postcollisional thinning of the lithospheric mantle beneath the Tianshan Orogen. 135TP201601. Peter Cawood acknowledges support from the Natural Environment Research Council (grant NE/J021822/1) and from the Australian Research Council (grant FL160100168). The senior author thanks the NSC, Taiwan, for a grant which supported his 1 year academic visit at the NTU. This is contribution no. IS-2466 from GIG-CAS. All data are available in the supporting information.
Geochemistry, Geophysics, Geosystems 10.1002/2017GC006977
